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1.  Research  Objectives:  The  objectives  entail  understanding  the  functional  roles  of  output 
signals  from  the  SCN  (including  diffusible  factors)  in  setting  circadian  phase  of  activity 
rhythms.  This  involves  the  identification  of  pacemaker  cells  of  the  SCN,  outputs  from  these 
cells,  and  targets  of  these  outputs.  Details  of  these  objectives  and  accomplishments  are 
described  below. 

2.  Status  of  Effort:  The  status  of  research  efforts  is  indicated  below  in  the  context  of  the 

objectives. 

Objective  1.  To  develop  a  cell  transplantation  device  that  physically  isolates  grafted 
embryonic  neural  cells  or  cellular  aggregates. 

This  objective  has  been  achieved,  and  the  results  are  published. 

Objective  2.  To  establish  optimal  conditions  for  encapsulated  tissue  survival  in 
anatomical  studies  using  in  vivo  and  in  vitro  techniques  using  both  primary 
fetal  tissue  and  immortalized  SCN  cell  lines. 

This  objective  has  been  achieved  for  in  vivo  studies  using  primary  fetal  tissue. 

Objective  3.  To  analyze  the  functional  role  in  behavioral  studies  of  diffusible 
factors  from  encapsulated  SCN  grafts  in  setting  circadian  phase  of  activity. 

This  objective  has  been  achieved,  and  the  results  are  published. 

Objective  4.  To  vary  membrane  pore  size  so  as  to  determine  the  approximate 
molecular  weight  range  of  the  critical  signals. 

This  w  ork  has  been  completed.  Optimal  pore  size  for  copolymer  membranes  is  a  statistical 
feature,  with  normal  distribution.  We  have  shown  that  these  membranes  are  not  the 
optimal  tool  for  identification  of  critical  pore  size  of  is  in  progress. 

Objective  5.  To  determine  the  function  of  putative  pacemaker  cells  in  the  hamster. 

We  have  discovered  a  subnucleus,  marked  by  calbindin-D28  (CaBP)  positive  cells  in  the 

core  of  the  hamster  SCN.  These  cells  receive  light  input  (Silver  et  al.,  1996).  We  have 
shown  that  ablation  of  this  SCN  sub-region  abolishes  activity  rhythms,  and  that  half- 
SCN  transplants  that  contain  these  cells  restore  rhythmicity,  while  transplants  that  do 
not  express  these  cells,  do  not  (J.  Neuroscience  1999).  In  addition,  we  now  have 
completed  data  analysis  showing  a  circadian  rhythm  of  nuclear  CaBP  expression 
within  these  cells.  This  work,  taken  together,  indicates  that  cells  of  the  calbindin  region 


are  both  on  the  input  and  output  pathway  of  circadian  pacemakers.  This  data  is  an 
important  step  in  the  identification  of  SCN  pacemakers,  their  outputs  and  their  targets. 

3.  Accomplishments/findings 

The  encapsulation  membranes  fabricated  from  solutions  containing  Poly(acrylonitrile- 
vinylchloride)  (PAN-PVC)  (85%)  and  polyethylene  oxide  (PEO)  (15%)  were  tested 
for  restoration  of  circadian  activity  rhythms  to  animals  whose  own  SCN  has  been 
ablated.  This  work  shows  that  the  transplanted  SCN,  like  neural  pacemakers  of 
Drosophila  and  silk  moths,  can  sustain  circadian  activity  rhythms  by  means  of  a 
diffusible  signal.  This  work  was  published  in  Nature  (see  below). 

Location  of  SCN  pacemakers. 

Circadian  rhythms  are  fundamental  adaptations  of  organisms  to  daily  periodicities  that  result 
from  the  earth’s  rotation.  In  mammals,  the  anatomical  locus  of  the  “biological  clock” 
in  the  SCN  of  the  brain  is  well  established,  and  a  great  deal  of  interest  rests  in 
identifying  SCN  pacemaker  cells,  their  inputs  and  outputs.  The  present  proposal 
focused  on  the  characterization  of  putative  oscillators  within  the  suprachiasmatic  nuclei 
(SCN).  It  has  long  been  held  that  SCN  neurons  are  equipotential  and  that  circadian 
rhythmicity  is  sustained  following  ablation,  as  long  as  about  25%  of  the  nuclei  are 
spared.  Our  data  present  a  different  view. 

We  have  described  a  compact  subnucleus  of  calbindin-D28  (CaBP)  positive  cells  in  the  core 
of  the  hamster  SCN  in  which  75%  of  the  cells  are  fos-positive  in  response  to  a  light 
pulse  (Silver  et  al.,  1996).  This  signifies  that  CaBP  cells  are  on  the  input  pathway  to  the 
clock's  pacemakers 

We  have  also  shown  that  animals  bearing  partial  lesions  of  the  SCN  that  spared  the 

subregion  delimited  by  calbindin-d28k  (CaBP)  cells,  sustained  circadian  locomotor 
rhythms.  Partial  lesions  that  destroy  this  region  but  spared  other  compartments  of  the 
SCN  resulted  in  loss  of  rhythmicity.  Next,  we  have  shown  that  transplants  of  half  SCN 
punches  that  contain  CaBP  cells  restore  locomotor  rhythms  in  SCN-lesioned  host 
animals,  while  transplants  containing  SCN  tissue  but  lacking  these  cells  fail  to  restore 
rhythmicity.  Taken  together,  these  studies  indicate  that  cells  in  the  region  of  the  CaBP 
subnucleus  of  the  SCN  serve  as  driving  pacemakers  for  locomotor  rhythmicity,  and 
that  the  SCN  is  functionally  heterogeneous  (LeSauter  and  Silver:  Journal  of 
Neuroscience,  1999). 


Another  objective  was  to  identify  the  afferent  and  efferent  connections  of  cells  in  the  CaBP 
subnucleus.  To  determine  which  SCN  cells  project  to  known  SCN  targets,  we  have 
injected  cholera  toxin  beta  subunit,  a  retrograde  tracer ,  in  the  preoptic  area  (POA),  the 
sub-paraventricular  zone,  the  dorsomedial  hypothalamic  nucleus  (DMH),  the 
paraventricular  nucleus  of  the  thalamus.  Injections  in  the  PVT  and  DMH  label  a  large 
number  of  cells  in  the  CaBP  region.  Injections  in  the  POA  label  a  few  cells  in  the 
CaBP  region.  CaBP  cells  do  not  seem  to  project  to  the  sub-paraventricular  zone. 
Double  label  immunocytochemistry  has  been  done  to  identify  the  cells  projecting  to 
these  regions.  We  have  identified  connections  between  the  CaBP-ir  and  other  cells  of 
the  SCN,  using  epi-  and  confocal  microscopy  and  staining  for  CaBP  and  vasoactive 
intestinal  peptide  (VIP),  vasopressin  (VP),  gastrin  releasing  peptide  (GRP), 
cholecystokinin  (CCK),  or  neuropeptide  Y  (NPY),  and  single  label  electron  microscopy 
for  CaBP.  The  heaviest  terminals  on  CaBP  cells  were  VIP  and  NPYnpositive  fibers, 
with  less  dense  GRP,  VP  and  CCK  fibers.  Dense  CaBP-ir  terminals  were  on  virtually 
all  of  a  population  of  unknown  cells  interspersed  within  the  SCN  CaBP  cells  and  on 
GRP  cells.  Additionally,  few  terminals  are  seen  on  most  CCK  cells.  Most  VIP  and  VP 
cells  within  the  SCN  have  no  CaBP  teminals.  A  few  CaBP  terminals  are  seen  on  a 
subset  of  VP  cells  lying  at  the  border  of  the  SCN  and  on  VIP  cells  located  within  or 
above  the  optic  tract.  Single  label  electron  microscopy  reveals  synapses  among  CaBP 
cells.  In  summary,  connections  of  the  CaBP  cells  of  the  SCN  are  highly 
topographically  organized.  This  work  will  be  presented  at  the  Society  for  Neuroscience 
Meeting  1999,  and  prepared  for  publication. 
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